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I.  INTRODUCTION 


For  a  wide  variety  of  source-receiver  geometries,  acoustic 
frequencies,  sound  speed  profiles,  and  water  depths,  sound  propagation 
in  the  ocean  can  be  heavily  influenced  by  the  ocean  bottom.  Although 
seafloor  structure  and  composition  has  been  a  subject  for  study  by 
geophysicists  and  seismologists  for  many  years,  only  comparatively 
recently  has  it  been  appreciated  that  seafloor  makeup  can  impact  sound 
propagation  over  ranges,  frequencies,  and  geometries  of  concern  to  ASW 
applications.  Applications  which  must  be  concerned  with  bottom 
interaction  effects  include  system  performance  prediction,  resource 
allocation,  system  design,  the  improvement  of  existing  systems,  the 
interpretation  of  acoustical  data,  the  integration  of  geophysical  data 
into  acoustic  modeling,  and  the  design  of  experiments  intended  to  gather 
acoustic  data  in  the  ocean. 

The  broad  range  of  concerns  in  which  acoustic  bottom  interaction 
can  play  a  significant  role  requires  various  levels  of  description  of 
bottom  interaction  effects.  Traditionally,  the  nature  of  bottom  inter¬ 
action  has  been  characterized  by  a  single  quantity,  bottom  loss.  For 
many  applications  knowledge  of  this  quantity  is  indeed  sufficient,  for 
example,  in  ray  trace  estimates  of  propagation  loss  used  in  some  system 
performance  prediction  models.  However,  more  complex  problems  involving 
phase  interference  between  multipaths,  questions  concerning  the 
functioning  of  arrays,  the  nature  of  Doppler  line  broadening,  and  a 
range  changing  bathymetry,  all  require  more  detailed  characterization  of 
the  seafloor  to  quantitatively  understand  these  phenomena.  Many  of 
these  problems  require  fairly  comprehensive  descriptions  of  the  ocean 
sub-bottom  including  detailed  sound  speed  and  attenuation  profiles,  the 
location  of  major  interfaces  (ref lectors) ,  shear  wave  parameters,  and 
possibly  surface  and  basement  roughness  parameters.  Treatment  of  such 
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problems  must  go  beyond  a  simple  regional  characterization  of  bottom 
loss  estimated  in  1/3  octave  bands,  however  useful  such  information  may 
be  for  certain  applications. 

With  NAVELEX,  Code  612,  sponsorship  through  a  program  administered 
by  NORDA,  ARL:UT  has  been  conducting  a  study  of  the  influence  of  the 
ocean  bottom  on  sound  propagation.  In  view  of  the  various  levels  of 
description  of  the  ocean  bottom  required  by  the  intended  applications, 
this  research  program  has  encompassed  four  primary  areas:  (1)  the 

influence  of  sub-bottom  parameters  on  bottom  loss,  (2)  the  role  of  the 
bottom  in  range  changing  environments,  particularly  problems  involving 
slopes,  range  variable  sub-bottom  structures,  and  bottom  roughness, 
(3)  the  effect  of  the  sub-bottom  on  the  coherence  of  the  sound  field, 
and  (4)  bottom  interaction  effects  such  as  those  involved  in  array 
studies,  cw  line  structure,  and  the  interpretation  of  experimental 
acoustic  data. 

Since  its  inception  in  1975,  the  emphasis  of  the  ARL:UT  program  has 
been  on  investigating  bottom  interaction  at  the  low  frequencies  and  for 
the  deep  ocean  environments  important  to  surveillance  applications. 
Considerable  progress  has  been  made  in  identifying  the  major  loss 
processes  occurring  in  relatively  simple  sub-bottom  structures  and 
influencing  long  range,  low  frequency  propagation.  For  these  problems 
the  top  few  hundred  meters  to  1  km  of  the  sub-bottom  influence 
propagation. 

Recent  work  at  ARL:UT  has  also  been  aimed  at  problems  at  mid¬ 
frequencies  (below  1500  Hz)  and  in  shallow  water.  The  higher 
frequencies  are  influenced  by  the  more  detailed  aspects  of  the  sediment 
structure  in  the  top  tens  of  meters  (layering).  In  shallow  water  the 
rapid  attenuation  of  energy  penetrating  deeply  into  the  sub-bottom  also 
makes  the  top  tens  of  meters  very  important  in  determining  propagation 
characteristics.  These  two  new  regimes  of  bottom  interaction  research 
have  piaced  an  emphasis  on  processes  occurring  in  the  near-surface 
sedimentary  structure  that  was  lacking  in  the  deep  water,  low  frequency 


bottom  interaction  problem.  New  physical  mechanisms,  not  important  in 
deep  water,  may  be  important,  or  a  reordering  of  major  loss  processes 
identified  by  past  work  in  deep  water  environments  may  be  required  to 
understand  bottom  interaction  in  these  new  regimes.  A  simple 
extrapolation  of  past  work  is  not  possible. 

A  number  of  6.3  programs  routinely  benefit  from  the  results  of  the 
ARL:UT  bottom  interaction  program.  These  include  NAVOCEANO  and  the 
Surveillance  Environmental  Acoustic  Support  (SEAS)  and  Tactical  ASW 
Environmental  Acoustic  Support  (TAEAS)  programs.  Three  recent  applica¬ 
tions  of  ARL:UT  6.2  bottom  interaction  research  results  and  expertise 
leading  to  an  increase  in  Navy  capabilities  are:  (1)  Bottom  Loss 

Upgrade  Project  (BLUG),  (2)  ARL.-UT  analyses  for  SUBPAC  of  errors  in 
bottom-bounce  hyperbolic  cross-fix  (HCF)  localization,  and  (3)  the 
recent  implementation  by  NAVOCEANO  of  onboard  processing  of  bottom  loss 
data. 


From  the  outset  the  primary  goals  of  the  ARL:UT  bottom  interaction 
research  program  have  been  fourfold:  (1)  determine  and  provide  guidance 
on  the  level  of  detail  of  sub-bottom  parameters  required  for  acoustic 
applications,  (2)  determine  which  aspects  of  mode  (or  multipath) 
conversion  caused  by  slope  coupling,  lateral  variability,  and  roughness 
are  predictable  and  exploitable,  (3)  develop  analysis  tools  appropriate 
to  the  study  of  a  wide  range  of  complex  bottom  interaction  problems,  and 
(4)  interact  with  experimental  measurement  programs  and  operational 
problems  via  exercise  planning,  data  analysis,  and  interpretation. 

The  overall  goal  of  our  bottom  interaction  program  is  to  provide 
the  capability  for  understanding  and  exploiting  bottom  interaction  in 
surveillance  and  tactical  applications.  With  this  in  mind,  our  focus  is 
on  problems  associated  with  systems  applications.  The  effect  of 
nearfield  bottom  interaction  on  fixed  and  mobile  array  performance 
provides  the  focus  for  our  work  in  range  variable  environments.  Work  on 
bottom  interaction  in  shallow  water  is  necessary  to  understand  and 
develop  systems  for  use  in  this  bottom  interaction  dominated 
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environment.  Loss  processes  in  complex  sub-bottom  environments  must  be 
understood  to  effectively  use  near-bottom  sensors,  particularly  vertical 
arrays.  Problems  in  modeling  bottom  loss  in  various  parts  of  the  world 
such  as  the  vast  thin  sediment  areas  in  the  Pacific,  the  low  loss  areas 
in  the  Atlantic,  the  extensive  bottom  limited  areas  of  the  South 
Atlantic,  and  unique  environmental  areas  such  as  the  Arctic  provide  the 
challenge  and  goal  of  our  work  in  understanding  loss  processes  in 
increasingly  complex  sub-bottom  structures. 

During  1982,  ARL:UT  conducted  research  to  study  the  acoustic  bottom 
interaction  in  five  work  areas:  (1)  loss  processes  in  layered  deep  sea 
sediments,  (2)  shallow  water,  (3)  range  changing  environments, 
(4)  bottom  interaction  at  higher  frequencies,  and  (5)  data  analysis 
techniques  for  geoacoustic  measurements  in  shallow  water.  In  the  first 
work  area,  scattering  from  the  rough  basement  in  thin  sediment  areas  and 
the  major  loss  processes  in  layered  sediments  is  being  studied.  The 
investigation  of  scattering  is  aimed  at  improving  BLUG  predictions  in 
thin  sediment  areas  of  the  Pacific.  The  work  on  layered  sediments 
pursues  our  long-term  goal  of  identifying  major  loss  processes.  In  the 
second  area  the  physical  mechanisms  responsible  for  the  optimum 
frequency  effect  and  the  role  of  gradient  driven  coupling  in  sand 
sediments  is  being  studied.  This  work  will  lead  to  an  understanding  of 
some  of  the  major  physical  processes  influencing  propagation  in  shallow 
water.  It  will  also  provide  the  basis  for  a  shallow  water  geoacoustic 
parameter  set  for  BLUG  and  allow  the  prediction  of  optimal  frequency 
effects  in  areas  where  exercise  data  is  not  available.  The  work  on 
range  variable  environments  is  reaching  maturity.  Studies  of  the 
effects  of  lateral  sub-bottom  variability  and  propagation  over  slopes  is 
being  concluded.  The  understanding  of  propagation  over  range  variable 
environments  is  being  tested  by  comparing  model  predictions  to  available 
data  for  cw  propagation  and  ambient  n^ise.  The  work  in  the  fourth  area 
has  two  goals:  (1)  to  determine  wheth*-  the  enl  nred  high  frequency 
reflectivity  from  n>  "'-sur'ar  layer!  ’  can  be  statistically  described 
for  possible  use  in  BLUG  and  (2)  to  determine  potential  bottom  inter¬ 
action  problem  areas  at  higher  frequencies  (below  1500  Hz)  and  the 
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extent  to  which  current  understanding  can  be  extrapolated  to  higher 
frequencies.  Higher  frequencies  are  particularly  useful  in  shorter 
range  tactical  applications.  In  the  final  work  area  a  prototype  data 
analysis  technique  is  being  developed  for  use  in  shallow  water.  The 
heart  of  this  method  is  the  use  of  a  modal  analysis  of  propagation  over 
a  wide  frequency  band  to  infer  the  geoacoustic  structure  of  the  sub¬ 
bottom.  This  technique  is  being  developed  with  the  eventual  goal  of 
implementation,  for  example  by  NAVOCEANO,  to  complement  the  currently 
existing  capability  for  measurements  in  deep  water  environments. 

This  report  contains  a  summary  of  the  progress  made  in  each  of  the 
research  areas.  This  work  will  be  documented  in  detail  through  journal 
articles  and  other  reports  as  the  projects  reach  maturity.  Appendix  A 
is  a  listing  of  documentation  appearing  in  1982.  Appendix  B  lists 
documentation  for  the  complete  project  to  date. 


II.  LOSS  PROCESSES  IN  LAYERED  DEEP  SEA  SEDIMENTS 


A  continuing  aspect  of  bottom  interaction  studies  at  ARL-.UT  is  the 
use  of  bottom  reflection  loss  as  a  "measure"  of  bottom  interaction. 
Computational  models  of  bottom  reflection  loss  are  used  as  vehicles  for 
determining  the  major  loss  processes  and  the  importance  r  cub-bottom 
parameters  and  their  uncertainties .  Past  studies  at  L:UT  have 
explored  the  acoustical  importance  of  seafloor  paramet-  such  as 
density,  sound  speed,  shear  speed,  absorption,  and  the"  ^adients. 
More  recent  work  has  examined  the  role  of  near-surface  ..  ing  and 
hydrate  formation  in  marine  sediments.  During  1982  work  concentrated  on 
the  role  of  large  scale  layering  and  scattering  from  the  rough  basement 
in  areas  having  thin  sediment  cover. 

A.  Review  of  Previous  Work 


The  study  at  ARL :UT  of  the  sensitivity  of  bottom  reflection  loss  to 

sub-bottom  parameter  variations  began  in  1976.  Initially  the  work 

concentrated  on  the  properties  of  a  fluid  sediment  and  used  a 

computation  model^  developed  at  ARL:UT.  The  importance  of  seafloor 

2  3 

parameters  such  as  density  gradient,  sound  speed,  absorption 
gradients,^  and  substrate  rigid-? ty^ * ^  was  established. 

In  1978,  the  direction  of  these  studies  turned  toward  the  inclusion 
of  shear  wave  propagation  within  the  sediment.  A  new  computational 
model7  of  bottom  reflection  loss  from  a  single  solid  sediment  layer  was 
developed  and  used  to  gauge  the  importance  of  sediment  shear  wave 

O 

excitation.  Initial  studies  using  this  model  showed  that  sediment 
cover  is  an  important  factor  in  determining  the  role  of  sediment  shear 
waves.  Sediment  shear  wave  excitation  is  not  important  for  areas  having 
thick  sediment  cover,  but  could  be  dominant  in  areas  of  thin  cover.  A 
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ray  path  analysis  of  processes  in  a  thin  sediment  layer  uv*-r  -j 

substrate  established  compressional  wave  conversion  at  t!.e  substrate- 
interface  as  the  physical  mechanism  generating  shear  waves  in  the 

sediment.  This  analysis  resulted  in  a  detailed  understanding  of  the 

physical  processes  by  which  sediment  shear  waves  influence  bottom 
reflection  loss.  Further  sensitivity  studies^  have  ident'fieo 
important  sub-bottom  parameters  affecting  bottom  reflection  loss  f-'orn  a 
thin  sediment  layer. 

The  understanding  of  bottom  reflection  loss  resulting  from  these 
studies  of  a  single  deep  sea  sediment  layer  has  been  synthesized  in  a 

coherent  structure^  for  use  in  modeling  applications.  The  major  loss 
processes  were  identified,  and  a  small  set  of  linked  geoacoustic 
profiles  and  computation  models  keyed  to  these  processes  was  developed. 
The  loss  processes  included  were  reflection,  refraction,  absorption,  and 
shear  wave  excitation.  Scattering  from  rough  interfaces  may  be  an 
additional  major  loss  process  for  a  thin  layer,  but  was  not  well  enough 
understood  to  be  included  in  the  synthesis. 

Four  generic  geoacoustic  profiles  were  developed  for  use  in 
modeling  a  single  sediment  layer  overlying  a  substrate.  The  first 
profile  includes  only  the  fluid  parameters  of  the  water-sediment 
interface.  The  second  profile  adds  the  depth  dependent  compress iona 1 
wave  velocity  and  absorption  as  parameters.  The  third  profile  adds  the 
substrate  parameters  and  the  sediment  shear  velocity  at  the  substrate. 
The  fourth,  and  most  detailed,  profile  adds  the  depth  dependent  shear 
velocity  and  attenuation. 

These  four  geoacoustic  profiles  are  associated  with  a  set  of 
dominant  physical  processes  and  hence  computational  requirements.  For 
the  first  profile,  the  dominant  process  is  reflection  from  the 
water-sediment  interface.  It  is  appropriate  for  use  at  high  frequencies 
for  which  any  energy  entering  the  sediment  is  totally  absorbed.  The 
second  profile  adds  compressional  wave  refraction  and  absorption  within 
the  sediment.  It  is  appropriate  for  cases  in  which  the  compressional 
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wave  does  not  interact  with  the  substrate,  i.e.,  low  grazing  angles. 
The  third  profile  adds  the  effects  due  to  interaction  with  the  substrate 
and  the  energy  lost  to  sediment  shear  waves  at  the  substrate.  It  can  be 
used  for  frequencies  high  enough  for  the  sediment  shear  wave  to  be 
totally  absorbed  in  the  sediment.  The  fourth  profile  adds  effects  due 
to  sediment  shear  wave  propagation  through  the  sediment  layer  and  the 
reconversion  of  energy  back  to  compressional  waves. 

In  1981  work  at  ARL:UT  shifted  toward  an  analysis  of  more  complex 

sub-bottom  structures.  The  major  emphasis  was  on  layered  sub-bottom 

structures,  scattering  from  rough  interfaces,  and  effects  occurring  at 

higher  frequencies.  The  particular  topics  addressed  were  stimulated 

largely  by  problems  associated  with  BLU6,  sponsored  by  the  TAEAS  and 

SEAS  programs  and  carried  out  in  part  at  ARL:UT.  Two  specific  bottom 

interaction  problems  were  identified  by  BLDG.  The  first  is  the 

existence  of  anomalously  low  bottom  loss  areas  in  nominally  thick 

sediment  areas  in  the  Atlantic.  Naval  Air  Development  Center  (NADC) 

bottom  loss  data  from  these  areas  shows  octave  averaged  bottom  loss  at 

1600  Hz  as  low  as  5  dB  at  high  grazing  angles,  whereas  the  expected 

bottom  loss  for  sediment  types  typical  of  these  deep  ocean  areas  would 

be  about  15  dB.  To  cope  with  this  large  discrepancy,  the  BLUG 

geoacoustic  profiles  for  these  areas  contain  a  nonphysical,  thin,  high 

density  surface  layer  to  enhance  the  reflected  energy  at  high 

frequencies.  Since  the  actual  mechanism  leading  to  the  anomalous 

reflectivity  is  not  known,  there  is  concern  about  the  usefulness  of 

these  BLUG  profiles  and  the  correct  means  for  extrapolating  them 

geographically.  ARL:UT  identified  and  investigated  two  potential 

IP 

mechanisms:  hydrate  formation  in  marine  sediments  and  small  scale, 
near-surface  layering.^ 

The  second  BLUG  problem  area  is  associated  with  defining  the 
geoacoustic  parameter  set  for  the  areas  of  the  Pacific  having  thin 
sediment  cover.  The  current  BLUG  parameter  set  does  not  include 

sediment  shear  wave  parameters,  nor  does  it  treat  scattering  from  the 
rough  basaltic  basement.  The  basement  interaction  is  included  through 
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an  angle  and  frequency  independent  reflectivity  parameter.  In  FY81, 
ARL:UT  began  an  analysis  to  incline  the  role  of  shear  wave  generation  in 
the  investigation  of  the  role  of  scattering  from  a  rough  substrate. 
This  must  be  treated  since  acoustic  interaction  with  the  substrate  is 
the  process  by  which  shear  waves  are  generated  within  the  sediment. 
Theoretical  work  was  begun  in  FY81  to  determine  the  effect  of  scattering 
from  a  single  sediment  layer  over  a  rough  substrate  when  correlation 
effects  are  negligible.  Initial  parameter  studies  indicated  that  for 
1  m  rms  height  the  scattering  of  shear  waves  is  so  strong  that  the  shear 
wave  energy  is  effectively  lost.  This  is  physically  equivalent  to  a 
very  large  shear  wave  attenuation. 

B.  Summary  of  Major  Results 

1.  Scattering  from  a  Rough  Substrate 

During  1982,  the  description  of  scattering  in  the  Kirchoff 

limit  was  used  to  examine  the  role  of  scattering.  A  parameter  study  was 

performed  to  determine  frequency  ranges  for  which  scattering  from  the 

water-sediment  and  sediment-substrate  interfaces  are  important  for  a 

typical  thin  layer  of  sediment  over  a  basaltic  crust.  This  study 

suggested  a  simple  method  for  treating  the  generation  and  scattering  of 

14 

shear  waves.  This  method  was  implemented  as  a  scattering  correction 

15 

to  the  ARL:UT  bottom  loss  measurement  simulator.  The  modified 

14 

simulator  was  used  to  investigate  the  role  of  basement  scattering  in 
determining  bottom  loss  measured  by  NADC  in  thin  sediment  areas  of  the 
Pacific.  Work  was  also  initiated  to  determine  potential  values  for  the 
mean  slope  of  the  rough  basaltic  substrate  from  an  analysis  of  time 
series  data  from  several  NAVOCEANO  sites  in  the  Pacific,  which  show  an 
anomalous  elongation  of  received  shot  waveform  for  basement  interacting 
energy. 


The  parameter  studies  to  establish  the  role  of  scattering  for 
a  typical  deep  sea,  thin  sediment  layer  had  four  major  results.  First, 
the  roughness  of  the  water-sediment  interface  does  not  couple 
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significant  energy  into  sediment  shear  waves.  A  rough  water-sediment 
interface  for  typical  deep-sea  sediment  types  can  still  be  treated  as  a 
fluid-fluid  interface.  Second,  for  typical  rms  heights  (1-10  cm), 
scattering  from  the  water-sediment  interface  is  unimportant  at  low 
frequencies.  This  extends  previous  work^  to  include  shear  wave 
generation  at  the  sediment  surface.  Third,  for  typical  rrns  heights 
suggested  for  the  substrate  (1-10  m),  the  sediment  shear  waves, 
generated  by  compressional  wave  conversion  at  the  substrate,  are  so 
strongly  scattered  that  they  have  no  acoustical  impact.  Fourth,  the 
scattering  of  the  compressional  wave  at  the  substrate  is  the  major 
source  of  the  frequency  and  angle  dependence  introduced  by  the 
roughness . 


These  four  results  combine  to  suggest  a  rather  simple  model  of 
the  effect  of  scattering  (in  the  Kirchoff  limit)  in  thin  sediment  areas. 
First,  the  sediment  can  be  treated  as  a  fluid.  Even  with  rough 
interfaces,  the  major  process  coupling  energy  into  shear  waves  in  the 
sediment  is  still  compressional  wave  conversion  at  the  substrate.  The 
strong  scattering  of  shear  waves  at  the  substrate  further  increases  the 
already  large  attenuation  of  shear  waves  within  the  sediment  and 
guarantees  that  the  energy  coupled  into  the  shear  waves  will  not  be 
returned  to  the  water  column.  Since  the  propagation  of  shear  waves  does 
not  need  to  be  treated,  the  shear  wave  velocity  and  attenuation  within 
the  sediment  are  not  necessary  geoacoustic  parameters,  i.e.,  the 
sediment  can  be  treated  as  a  fluid.  Second,  the  loss  of  energy  to  shear 
waves  can  easily  be  taken  into  account  by  correctly  evaluating  the 
compressional  wave  reflection  coefficient  at  the  substrate.  The 
sediment  shear  velocity  at  the  sediment-substrate  interface  is  needed  to 
correctly  describe  the  solid-solid  boundary  at  the  substrate.  Third, 
the  effect  of  scattering  on  the  compressional  wave  reflected  from  the 
substrate  is  easily  included  by  multiplying  the  reflection  coefficient 
by  the  exponential  factor  characteristic  of  the  Kirchoff  limit. 


exp 


-a2(k1-k2)2/2 
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Here,  a  is  the  rms  height  of  the  substrate  interface,  and  and  k2  are 
the  normal  components  of  the  wave  numbers  of  the  compressional  waves  in 
the  sediment  and  substrate,  respectively.  These  three  steps  can  easily 
be  implemented  in  ray  theory  approaches  to  propagation  that  treat  bottom 
interaction  in  terms  of  separate  rays  reflecting  from  the 
water-sediment  interface  and  penetrating  into  the  sediment. 

The  ARL:UT  one-bounce  bottom  loss  measurement  simulator  was 
15 

modified  to  include  scattering  from  the  substrate  as  described  above. 

15 

The  simulator  was  then  used  to  examine  the  role  of  scattering  in 
determining  bottom  loss  as  measured  by  NADC  in  areas  having  thin 
sediment  cover  in  the  Eastern  Pacific.  The  results  of  this  study  showed 
that  an  rms  height  of  about  0.1  m  was  typically  required  to  obtain  the 
best  fit  to  the  data.  The  description  in  terms  of  the  simple  approach 
in  the  simulator  produced  fits  to  the  data  that  were  as  good  as  those 
produced  using  the  constant  basement  reflectivity  factor  in  the  BLUG 
database.  This  agreement  with  the  data  was  important  since  it  showed 
that  the  empirical  basement  reflectivity  in  BLUG,  whose  properties  are 
not  understood,  could  be  replaced  by  an  acoustically  meaningful 
description,  in  terms  of  known  processes  such  as  shear  wave  generation 
and  scattering. 

This  analysis  of  the  role  of  scattering  in  thin  sediment  areas 
is  expected  to  continue  in  1983  with  efforts  to  determine  the  role  of 
the  mean  slope  and  to  develop  more  complete  theoretical  descriptions  of 
the  scattering  process.  This  work  will  be  guided  by  available  data  from 
areas  having  thin  sediment  cover. 

2.  Major  Processes  in  Layered  Sediments 

In  1982,  a  comprehensive  literature  search^  was  performed  to 
determine  the  status  of  currently  available  information  on  layering  in 
deep  water  environments  in  the  Northern  Hemisphere.  This  search  will  be 
the  basis  for  choosing  typical  structures  for  analysis  in  1983. 
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III.  SHALLOW  WATER 


The  nature  of  bottom  interaction  in  shallow  water  differs  from  that 
in  deep  water  in  two  principal  ways.  First,  the  reduced  water  depth  to 
wavelength  ratio,  usually  combined  with  the  absence  of  a  significant 
sound  channel,  implies  that  propagation  is  frequently  bottom  limited, 
especially  at  low  frequencies.  Second,  the  geophysical  processes 
responsible  for  sedimentation  in  shallow  water  often  produce  sand 
sediments,  which  are  unknown  in  the  deep  basins.  These  same  processes 
are  of  a  smaller  spatial  scale  than  those  responsible  for  the  structure 
of  deep  water  sediments,  and  therefore  a  higher  degree  of  lateral 
variability  in  bottom  composition  results.  These  two  features  make  the 
shallow  water  bottom  interaction  problem  more  severe;  the  first,  by 

producing  bottom  limited  conditions,  and  the  second,  by  introducing  more 
lateral  variability,  as  well  as  increasing  the  importance  of  bottom 

scattering.  The  situation  is  slightly  eased  by  the  shorter  ranges  dealt 
with  in  shallow  water  as  compared  to  deep  water. 

One  of  the  features  of  long  range,  low  frequency  propagation  in 

18 

shallow  water  is  the  existence  of  an  optimum  frequency  of  propagation. 

The  optimum  frequency  tends  to  be  between  about  150  Hz  and  500  Hz.  This 

may  be  expected  on  the  general  grounds  that  cutoff  and  consequent 

attenuation  in  the  bottom  occurs  in  the  low  frequency  limit,  while 

scattering  or  water  column  attenuation  restricts  propagation  in  the  high 

frequency  limit.  Indeed,  these  loss  mechanisms  appear  to  be  adequate 

for  propagation  loss  predictions  in  areas  with  clay  or  silt  sediments. 

On  the  other  hand,  for  sand  sediments,  the  acoustical  mechanisms  which 

determine  the  value  of  the  optimum  frequency  and  the  corresponding  loss 

18 

have  not  been  identified  satisfactorily.  As  a  result,  the  phenomenon 
cannot  be  accurately  predicted  for  an  area  in  the  absence  of  measured 
propagation  loss.  Given  the  acoustical  data,  accurate  predictions  have 
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been  made  using  a  normal  mode  description  of  propagation.  However, 
this  "predictive"  capability  is  unsatisfactory  because  unrealistically 
large  values  of  sediment  shear  wave  velocity  (600  m/sec  versus  the 
measured  150  m/sec)  are  required  to  increase  loss  at  frequencies  below 
the  optimum.  As  a  further  complication,  completely  different  alter¬ 
natives  have  been  proposed  for  predicting  the  optimum  frequency,  e.g., 

using  appropriate  specifications  of  the  depth  dependence  of  the  sediment 
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compressional  wave  attenuation. 

One  potential  mechanism  for  increasing  the  loss  at  low  frequencies 
is  the  gradient  driven  coupling  between  shear  and  compressional  waves. 
This  coupling  is  not  significant  for  high  frequencies.  For  typical  deep 
ocean  sediments,  it  is  negligible7  above  about  3  Hz.  However,  the  large 
near-surface  gradients  in  sand  sediments  may  make  it  a  significant 
mechanism  for  exciting  shear  waves  within  the  sediment  at  significantly 

2Q 

higher  frequencies.  The  relatively  high  attenuation  of  shear  waves  in 

pi 

the  sediment  makes  this  a  potentially  important  loss  process  at  low 
frequencies. 

A.  Review  of  Previous  Work 

During  1981,  ARL:UT  began  an  examination  of  bottom  interaction  in 

shallow  water.  The  theoretical  work  to  develop  an  exact  generalized 

potential  description  of  shear  and  compressional  wave  propagation  was 

2o 

completed.  Initial  analyses  of  the  results  showed  that  the  gradient 
driven  coupling  can  occur  over  a  fairly  narrow  depth  interval  near  the 
sediment  surface  and  that  the  coupling  may  be  important  for  frequencies 
up  to  about  60  Hz. 


Summary  of  Major  Results 


The  examination  of  the  importance  of  gradient  driven  coupling 
between  shear  and  compressional  waves  continued  in  1982.  A  method  for 
using  the  exact  generalized  potential  description  to  calculate  the  plane 
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wave  reflection  coefficient  was  developed  and  implementation  was 
started. 

Other  work  was  performed  to  examine  some  additional  processes  that 
could  affect  the  optimum  frequency.  Parameter  studies  were  conducted  to 
examine  the  role  of  source  and  receiver  depths  and  the  attenuation 
profile  of  the  sediment. 


15 
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IV.  HIGHER  FREQUENCIES 

22 

Recent  work  aimed  at  developing  geoacoustic  profiles  for  use  in 
computation  of  bottom  loss  (the  Bottom  Loss  Upgrade  project)  has 
revealed  several  areas  in  which  higher  frequencies  measured  bottom  loss 
substantially  lower  than  expected  from  estimates  based  on  sediment  type 
and  physiographic  province.  At  high  grazing  angles  (above  60°)  at 
relatively  high  frequencies  (1600  Hz),  measured  bottom  loss  can  be  about 
4  dB  compared  to  expected  values  ranging  from  12  dB  to  18  dB.  The 
anomalous  bottom  loss  is  known  to  occur  in  a  variety  of  locations  in  the 
North  Atlantic,  including  areas  of  thick  sediment  cover  for  which  bottom 
loss  at  low  frequencies  (below  400  Hz)  is  fairly  well  understood. 

One  possible  explanation  for  this  behavior  is  the  existence  of 
small  scale  layering  in  the  near-surface  sediment.^  Such  layering 
would  have  little  effect  on  low  frequency,  long  wavelength  bottom  loss; 
but  the  high  impedance  contrasts  at  the  interfaces  could  result  in 
significant  reflected  energy  at  higher  frequencies.  This  layering  can, 
in  fact,  produce  decreases  in  1/3  octave  averaged  bottom  loss, 
consistent  with  the  data. 

During  1982,  ARl:UT  initiated  research  to  determine  the  level  of 
detail  required  in  geoacoustic  profiles  to  adequately  predict  bottom 
loss  at  higher  frequencies  (150-1600  Hz).  In  particular,  the  goal  is  to 
determine  the  statistical  parameters  (rms  spacing,  thickness,  etc.)  of 
the  layering  that  produces  the  loss  at  higher  frequencies.  Preliminary 
work  has  identified  the  need  to  develop  techniques  for  efficient 
computation  of  bottom  loss,  modal  propagation,  and  accurate  reflection 
of  rays  when  the  ocean  floor  has  a  sequence  of  layers  rather  than  a 
single  layer  with  continuous  parameters.  Hybrid  WKB  and  numerical 
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integration  approaches  and  the  use  of  beam  displacement  were  identified 
as  promising  approaches  for  further  examination  and  use  in  1983. 
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V.  GEOACOUSTIC  MEASUREMENT  TECHNIQUES 
FOR  USE  IN  SHALLOW  WATER 


The  work  discussed  in  this  section  is  focused  on  the  development  of 
data  reduction  and  analysis  techniques  that  would  permit  geoacoustic 
parameters  to  be  extracted  from  measurements  made  in  shallow  water 
areas.  The  goal  is  to  use  field  data  as  currently  acquired  and 
routinely  generate  sub-bottom  geoacoustic  models  as  part  of  the  data 
reduction. 

During  the  1970's,  understanding  of  50-2000  Hz  acoustic  propagation 
in  shallow  water  advanced  to  the  point  that  propagation  measurements  in 
reasonably  well  behaved  environments  are  readily  analyzed  by  propagation 
models  if  adequate  measurements  of  the  geoacoustic  properties  of  the 
bottom  are  available.  State-of-the-art  acoustic  measurement  techniques 
are  currently  limited  to  measurements  of  total  propagation  loss  from 
explosive  (SUS)  sources  or  cw  projectors  and  are  ill-suited  for  detailed 
analysis  of  the  acoustic  channel  and,  in  particular,  the  acoustic 
properties  of  the  bottom.  Analysis  at  ARL:UT  of  exercise  data  obtained 
from  SUS  demonstrated  that  a  geoacoustic  model  for  the  bottom  can  be 
determined  by  doing  more  than  simple  propagation  loss  measurements.  The 
additional  effort  involved  several  manual  and  "trial  and  error"  steps, 
but  employed  present  signal  processing  and  propagation  modeling 
programs. 

In  1982,  ARL:UT  concentrated  on  developing  procedures  to  determine 
the  compressional  attenuation  and  sound  speed  profiles  in  shallow  water. 
At  this  time,  these  are  thought  to  be  the  major  geoacoustic  parameters 
influencing  propagation  in  shallow  water.  The  compressional  attenuation 
is  a  primary  loss  mechanism  and  the  compressional  sound  speed  profile  is 
important  in  determining  the  effect  of  dispersion. 
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The  basic  principle  of  the  measurement  techniques  developed  in  1982 
19 

has  been  discussed  in  part.  The  idea  is  to  use  the  frequency  and  mode 
number  dependence  of  normal  mode  penetration  into  the  bottom  to  probe 
successively  deeper  into  the  bottom  attenuation  and  sound  speed 
structure.  Figure  1  illustrates  the  frequency  dependence  of  the 
penetration  of  mode  1  into  the  sediment.  Typically,  for  a  given  mode 
number,  the  depth  of  penetration  decreases  with  frequency,  as  seen  in 
Fig.  1.  Thus,  higher  frequencies  can  be  used  to  probe  the  near-surface 
geoacoustic  structure.  Then,  the  deeper  structure  is  obtained  from 
propagation  data  at  lower  frequencies.  Similarly,  at  a  given  frequency 
use  can  be  made  of  the  fact  that  the  depth  of  penetration  into  the 
sediment  increases  with  mode  number.  This  permits  data  from  the  lowest 
order  mode  arrivals  in  a  given  frequency  window  to  be  used  to  probe 
near-surface  sediment  geoacoustic  properties.  Then,  the  deeper  geo¬ 
acoustic  structure  can  be  extracted  from  higher  order  mode  arrivals  in 
the  same  frequency  window. 

The  dependence  of  penetration  depth  on  frequency  and  mode  number 
lead  to  two  possible  routes  to  the  construction  of  a  geoacoustic  profile 
of  the  sediment,  as  illustrated  in  Fig.  2.  The  dichotomy  in  the 
structure  of  SUS  recordings  observed  in  data  from  clayey  versus  sandy 
sediments  suggests  that  one  of  these  routes  applies  to  sands  and  the 
other  to  clays.  The  compressional  speed  profile  may  be  extracted  more 
readily  using  an  analysis  of  the  frequency  dependence  of  the  single  mode 
arrival  structure  typical  of  sand  sediments.  The  dependence  on  mode 
number  is  appropriate  for  clay  sediments  where  the  arrival  of  a  number 
of  individual  modes  is  usually  observed.  The  frequency  dependence  can 
be  used  to  extract  the  compressional  attenuation  profile  from 
propagation  loss  for  both  sediment  types. 

During  1982,  the  procedures  for  producing  attenuation  estimates 
were  essentially  completed  and  automated.  Work  was  begun  on  the 
procedures  for  analyzing  the  dispersion  in  shot  data  as  a  means  for 
obtaining  the  sound  speed  structure  of  the  sediment. 
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FIGURE  1 

AMPLITUDE  OF  MODE  1  AT  50  Hz  AND  400  Hz 
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FIGURE  2 

GEOACOUSTIC  MEASUREMENTS  PROCEDURE  FOR  SHALLOW  WATER 
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VI.  RANGE  CHANGING  ENVIRONMENTS 


The  work  encompassing  acoustic  propagation  in  a  range  variable 
environment  is  summarized  in  this  section.  The  effect  of  changes  in 
both  bathymetry  and  lateral  sub-bottom  composition  have  been 
investigated.  The  goal  of  this  work  has  been  to  determine  the  importance 
of  the  geometrical  and  geoacoustic  factors  (such  as  slope  angle,  the 
depth  and  range  dependence  of  the  compressional  sound  speed  and 
attenuation  profiles,  and  sediment  thickness)  and  the  level  of  detail  in 
the  geoacoustic  and  bathymetric  descriptions  necessary  to  characterize 
propagation. 

A.  Review  of  Previous  Work 

The  work  at  ARL:UT  in  this  area  began  in  1978  with  an  examination 

of  the  validity  and  sensitivity  of  the  adiabatic  approximation  as  a 

function  of  the  range  dependence  of  sediment  geoacoustic  param- 
23-25 

eters.  This  work  contained  elements  of  both  the  sloping  bottom 

problem  and  lateral  inhomogeneity  problems.  After  developing  a 

consistent  treatment  and  separation  of  the  adiabatic  and  mode  coupling 

effects,  '  the  magnitude  of  bathymetric  slopes  and  lateral  sediment 

sound  speed  gradients,  for  which  mode  coupling  corrections  would  be 

important,  were  computeu  as  a  function  of  sediment  type  and  mode 
24  25 

number.  ’  The  results  showed  that  mode  conversion  effects  associated 
with  bathymetric  changes  tend  to  be  more  important  for  the  acoustically 
harder  sand  sediments.  On  the  other  hand,  mode  conversion  effects 
associated  with  lateral  sound  speed  gradients  in  sediments  tend  to  be 
more  important  at  low  bottom  interacting  mode  numbers  for  clays  and 
silts  because  their  penetrability  permits  the  acoustic  field  to  sample 
such  gradients.  Finally,  multipath  conversion  on  slopes  was  shown  to  be 

pc  pc 

contained  in  the  adiabatic  approximation.  ’ 
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Beginning  in  1980,  the  worn  at  ARL : U  T  on  range  dependent 

environments  focosed  on  the  study  of  the  sensitivity  of  propagation  in 

?  7  -  ?  9 

such  environments  to  bottom  properties'  using  the  adiabatic 

description.  The  first  of  these  analyses  was  concerned  with  propagation 

over  changing  bathymetry  and  identified  the  important  mechanisms  as 

being  cylindrical  spreading,  renorma 1  i  zat  i  n,  bottom  attenuation,  dif- 

ferential  mode  excitation  and  reception,  and  mode  cutoff.  ”  The 

phase  independent  structure  of  the  acoustic  field  for  propagation  along 

the  bathymetric  gradient  was  shown  to  be  sensitive  to  the  shallow  water 

sediment  attenuation  but  not  to  the  slope  angle.  The  work  elucidated 

the  dependence  on  source  and  receiver  depths  of  the  sensitivity  of 

propagation  to  sediment  attenuation.  Slope  enhancement  for  both  upslope 

and  downslope  propagation  was  discussed.  These  results  were 
27  29 

extended  ’  to  include  an  examination  of  the  dependence  on  sediment 

type  of  propagation  sensitivity  to  sediment  attenuation  and  the 

importance  of  the  combination  of  source  and  receiver  depths.  Also 
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examined,  concerning  propagation  over  slopes,  were  the  partition  of 
power  between  waterborne  and  bottom  interacting  modes,  the  effect  of 
sediment  attenuation  gradients,  and  the  effect  of  varying  the  deep  water 
sediment  type.  Finally,  the  possible  difficulties  associated  with 

range-averaged  descriptions  of  laterally  varying  sediments  was 
considered . 

B.  Summary  of  Major  Results 

The  1982  work  on  propagation  in  laterally  varying  environments 
involved  two  topic  areas.  The  first  area  concerned  the  influence  of 
bottom  interaction  processes  on  observed  ambient  noise  depth  dependence. 
In  question  was  the  influence  in  deep  water  of  shipping  noise  generated 
over  continental  slopes.  The  second  area  concerned  the  effect  of 
laterally  varying  sediment  types  on  propagation  over  slopes. 

The  previous  work  discussed  in  Section  IV. A  suggests  that  the  noise 
field  produced  in  deeper  water  should  have  depth  dependence 
characterized  by  the  water  depth  and  sound  speed  profile  at  the  source 
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and  receiver  positions.  The  combined  effect  of  slope  enhancement  and 
bottom  attenuation  should  also  produce,  for  some  water  depth  at  the 
source,  a  minimum  propagation  loss  to  deep  water.  Some  ambient  noise 
data  from  two  abyssal  plains  sites  southwest  of  Bermuda  was  examined  to 
test  these  ideas.  The  shallower  of  these  was  bottom  limited  and  the 
noise  levels  at  300  m  and  4800  m  (bottom)  depths  were  approximately 
equal.  At  the  deeper  (5800  m)  site,  the  300  m  noise  levels  exceeded 
those  at  the  bottom  by  some  8  dB.  Using  the  ARL:UT  adiabatic 
propagation  model  shows  that  surface  noise  sources  propagating  downslope 
from  400  m  of  water  dominate  the  noise  field  in  deep  water  for  depths 
between  500  m  and  3000  m.  To  produce  a  substantial  noise  field  at 
depths  between  4800  and  5800  m  required  sources  in  3000  m  or  more  of 
water.  Based  on  these  results,  the  Bermuda  noise  data  indicates  that 
the  noise  depth  dependence  at  the  shallower  site,  which  was  also  closer 
to  Bermuda,  was  dominated  by  the  nearby  shipping  in  deep  (5800  m)  water. 
On  the  other  hand,  the  noise  depth  gradient  at  the  deeper  site  could  be 
associated  with  a  combination  of  sources  in  deep  water  and  on  the 
continental  slope.  A  similar  examination  of  noise  depth  dependence  in 
the  northeastern  Pacific  predicted  some  features  of  the  depth 
dependence,  such  as  a  quiet  notch  deep  in  the  water  column  for  some 
locations,  but  was  unable  to  explain  more  generally  occurring  features 
of  the  depth  dependence.  This  may  indicate  that  shear  wave  processes  in 
thin  sediments  need  to  be  taken  into  account,  whereas  the  generally 

O 

thick  sediment  cover  eliminates  these  processes  in  the  Atlantic. 

The  work  on  slope  propagation  for  laterally  varying  sediment  type 
continued  the  initial  efforts  presented  in  Ref.  27  and  are  discussed  in 
Ref.  29.  The  results  show  some  sensitivity  of  propagation  to  variations 
in  sediment  type  between  deep  and  shallow  water  and  that  sediment  type 
variations  are  most  important  on  the  shallow  end  of  the  slope.  However, 
for  upslope  propagation,  there  is  greater  sensitivity  to  source  depth 
variations  than  there  is  to  variations  of  sediment  type  and  attenuation 
over  their  entire  range. 


25 


ACKNOWLEDGMENTS 


The  authors  enjoyed  many  fruitful  discussions  with  K.  E.  Hawker, 
S.  K.  Mitchell,  C.  W.  Horton,  and  C.  S.  Penrod  of  ARL : UT ;  J.  Matthews  of 
Naval  Ocean  Research  and  Development  Activity;  and  E.  L.  Hamilton  of 
Naval  Ocean  Systems  Center.  This  work  took  advantage  of  valuable 
software  development  by  T.  L.  Foreman,  D.  Jackson,  and  J.  Godfrey. 


27 


FriECSDLNG  PALS  BLANK -NOT  Y1WE> 


APPENDIX  A 


DOCUMENTATION  FOR  1982 


Reports 

1.  H.  H.  Holthusen  and  P.  J.  Vidmar,  “The  Effect  of  Near-Surface 

Layering  on  the  Reflectivitv  of  the  Ocean  Bottom,"  J.  Acoust.  Soc. 
Am.  72,  226-234  (1982). 

2.  J.  M.  Daniels  and  P.  J.  Vidmar,  "Occurrence  and  Acoustical 

Significance  of  Natural  Gas  Hydrates  in  Marine  Sediments," 

J.  Acoust.  Soc.  Am.  72,  1564-1573  (1982). 

3.  P.  J.  Vidmar  and  R.  A.  Koch,  "A  Summary  of  Recent  Research  on 

Acoustic  Bottom  Interaction,"  Applied  Research  Laboratories 
Technical  Report  No.  82-14  (ARL-TR-82-14) ,  Applied  Research 

Laboratories,  The  University  of  Texas  at  Austin,  10  March  1982. 

4.  R.  A.  Koch,  "A  Summary  of  the  Results  of  a  Study  of  Acoustic  Bottom 

Interaction  in  a  Range  Dependent  Environment,"  Applied  Research 
Laboratories  Technical  Report  No.  82-30  (ARL-TR-82-30) ,  Applied 

Research  Laboratories,  The  University  of  Texas  at  Austin,  1  June 
1982. 

5.  R.  A.  Koch,  S.  R.  Rutherford,  and  S.  G.  Payne,  "Slope  Propagation: 

Mechanisms  and  Parameter  Studies,"  J.  Acoust.  Soc.  Am.  74,  210-218 

(1983). 

6.  R.  A.  Koch,  C.  Penland,  P.  J.  Vidmar,  and  K.  E.  Hawker,  "On  the 

Calculation  of  Normal  Mode  Group  Velocity  and  Attenuation," 
J.  Acoust.  Soc.  Am.  73,  820-825  (1983). 

7.  K.  C.  Focke,  "Acoustic  Attenuation  in  Ocean  Sediments  Found  in 

Shallow  Water  Regions,"  Master's  Thesis,  Electrical  Engineering, 
The  University  of  Texas  at  Austin,  1982.  Also,  Applied  Research 
Laboratories  Technical  Report  No.  82-63  (ARL-TR-82-63) ,  Applied 

Research  Laboratories,  The  University  of  Texas  at  Austin,  6  October 
1982. 

8.  R.  A.  Koch,  "A  Deterministic  Approach  to  Modeling  the  Effect  of 

Environmental  Fluctuations,"  Proceedings  of  the  Ocean 

Environmental  Acoustics  Stochastic  Modeling  Working  Group, 
conducted  by  Naval  Sea  Systems  Command  at  Naval  Research 

Laboratory,  Washington,  DC,  26-29  October  1982. 


29 


W-iEC£Dli*i  PAGS  BLANK -NOT  FJu>£D 


9. 


1 


P.  J.  Vidmar,  "Linked  Sets  of  Acoustical  Processes  and  Geoacoustic 
Profiles  Describing  the  Interaction  of  Sound  with  a  Class  of 
Seafloor  Structures,"  in  Acoustics  and  the  Sea-Bed,  edited  by 
N.  G.  Pace  (Bath  University  Press ,  BafTT,  UK ,  1983) . 

10.  R.  A.  Koch,  "Underwater  Acoustic  Propagation  Dependence  on  Sediment 
Type  for  a  Sloping  Bottom,"  in  Acoustics  anu  the  Sea-Bed,  edited  by 
N.  G.  Pace  (Bath  University  Press,  Bath,  UK,  1983). 

11.  C.  Bennett  and  J.  M.  Daniels,  "A  Guide  to  Oceanic  Sedimentary 
Layering,"  Applied  Research  Laboratories  Technical  Report  No.  83-25 
(ARL-TR-83-25) ,  Applied  Research  Laborator ies ,  The  University  of 
Texas  at  Austin,  in  preparation. 

Oral  Presentations 


1.  P.  J.  Vidmar,  "Shear  Waves  and  the  Bottom  Interaction  Program," 

presented  at  the  SEG/USN  Shear  Waves  and  Pattern  Recognition 

Symposium,  NSTL,  Bay  St.  Louis,  Mississippi,  24-26  March  1982. 

2.  P.  J.  Vidmar,  "Gradient  Driven  Coupling  between  Shear  and 

Compressional  Waves,"  presented  at  the  103rd  Meeting  of  the 
Acoustical  Society  of  America,  Chicago,  Illinois,  27-30  April  1982. 

3.  R.  A.  Koch,  "A  Deterministic  Approach  to  Modeling  the  Effect  of 

Environmental  Fluctuations,"  presented  to  the  Ocean  Environmental 
Acoustics  Stochastic  Modeling  Working  Group,  conducted  by  Naval  Sea 
Systems  Command  at  Naval  Research  Laboratory,  Washington,  D.C., 
26-29  October  1982. 

4.  P.  J.  Vidmar,  "Linked  Sets  of  Acoustical  Processes  and  Geoacoustic 
Profiles  Describing  the  Interaction  of  Sound  with  a  Class  of 
Seafloor  Structures,"  presented  at  the  International  Conference  on 
Acoustics  and  the  Sea-Bed,  held  at  The  University  of  Bath,  Bath, 
England,  April  1983. 

5.  R.  A.  Koch,  "Underwater  Acoustic  Propagation  Dependence  on  Sediment 
Type,"  presented  at  the  International  Conference  on  Acoustics  and 
the  Sea-Bed,  held  at  The  University  of  Bath,  Bath,  England,  Apr i  1 
1983. 


I 


30 


APPENDIX  B 


NAVELEX/NORDA 
BOTTOM  INTERACTION  PROGRAM 
DOCUMENTATION 

A.  L.  Anderson,  "Influence  of  the  Ocean  Bottom  on  Long  Range 
Propagation,"  International  Workshop  on  Low  Frequency  Propagation  and 
Noise,  Vol.  I,  Woods  Hole,  Massachusetts,  1974. 

A.  L.  Anderson,  "Use  of  Bottom  Properties  in  Long  Range  Propagation 
Predictions,"  Applied  Research  Laboratories  Technical  Memorandum 
No.  74-5  (ARL-TM-74-5) ,  Applied  Research  Laboratories,  The  University  of 
Texas  at  Austin,  February  1974. 

A.  L.  Anderson  and  K.  C.  Focke,  "Model  Sensitivity  Studies:  Relation 

Between  Ambient  Noise  Depth  Dependence  and  Propagation  Loss  Sensitivity 
to  Bottom  Loss"  (U),  presented  at  the  31st  U.S.  Navy  Symposium  on 
Underwater  Acoustics,  San  Diego,  California,  November  1976. 
(CONFIDENTIAL) 

A.  L.  Anderson  and  K.  C.  Focke,  "Model  Sensitivity  Studies:  Ambient 

Noise  Depth  Dependence  Related  to  Propagation  Loss"  (U),  U.S.  Navy 
Journal  of  Underwater  Acoustics  28,  219-228  (1978).  (CONFIDENTIAL) 

C.  Bennett  and  J.  M.  Daniels,  "A  Guide  to  Oceanic  Sedimentary  Layering," 
Applied  Research  Laboratories  Technical  Report  No.  83-25  (ARL-TR-83-25) , 
Applied  Research  Laboratories,  The  University  of  Texas  at  Austin,  in 
preparation . 

K.  E.  Cumella  and  S.  G.  Payne,  "Implementation  of  the  NOSC  Random 

Ambient  Noise  Model,  RANDI,"  Environmental  Sciences  Division  Technical 
Letter  No.  79-5  (TL-EV-79-5) ,  Applied  Research  Laborator ies ,  The 

University  of  Texas  at  Austin,  July  1979. 

J.  M.  Daniels  and  P.  J.  Vidmar,  "Occurrence  and  Acoustical  Significance 
of  Natural  Gas  Hydrates  in  Marine  Sediments,"  J.  Acoust.  Soc.  Am.  72, 
1564-1573  (1982). 

K.  C.  Focke,  "Acoustic  Attenuation  in  Ocean  Sediments  Found  in  Shallow 

Water  Regions,"  Master's  Thesis,  Electrical  Engineering,  The  University 
of  Texas  at  Austin,  1982.  Also,  Applied  Research  Laboratories  Technical 
Report  No.  82-63  (ARL-TR-82-63) ,  Applied  Research  Laboratories,  The 

University  of  Texas  at  Austin,  6  October  1982. 


31 


K.  C.  Focke  and  D.  E.  Weston,  "Problem  of  the  Caustics  in  Range-Averaged 
Ocean  Sound  Channels,"  presented  at  the  96th  Meeting  of  the  Acoustical 
Society  of  America,  Honolulu,  Hawaii,  2 6  November  -  1  December  1978. 


T.  L.  Foreman,  "Acoustic  Ray  Models  Based  on  Eigenrays,"  Applied 
Research  Laboratories  Technical  Report  No.  77-1  (ARL-TR-77-1) ,  Applied 
Research  Laboratories,  The  University  of  Texas  at  Austin,  January  1977. 

R.  Gonzalez,  "The  Numerical  Solution  of  the  Depth  Separated  Acoustic 
Wave  Equation,"  Master's  Thesis,  The  University  of  Texas  at  Austin, 
December  1979. 

L.  D.  Hampton,  "Acoustic  Bottom  Interaction  -  System  Implications"  (U), 
presented  at  the  Laboratory  Technical  Exchange  Meeting,  NORDA,  Bay 
St.  Louis,  Mississippi,  8  February  1978.  (CONFIDENTIAL) 

L.  D.  Hampton,  "Acoustic  Bottom  Interaction  -  System  Implications"  (U), 
Proceedings  of  the  NSTL  NORDA  Laboratory  Technical  Exchange  Meeting, 
8-9  February  1978,  pp.  1-46.  (CONFIDENTIAL) 

L.  D.  Hampton,  "Acoustic  Bottom  Interaction  Program  at  ARL:UT," 
presented  to  Admiral  Waller,  Office  of  Chief  of  Naval  Operations, 
14  September  1978. 

L.  D.  Hampton,  "Visit  by  Dr.  C.  T.  Tindle,  January  -  December  1978, 
Summary  Report  for  the  ONR  International  Programs  Office  (Code  102D1)," 
1  February  1979. 

L.  D.  Hampton,  "Visit  by  Dr.  D.  E.  Weston,  April  1978  -  April  1979," 
Applied  Research  Laboratories  Technical  Memorandum  No.  80-9 
(ARL-TM-80-9) ,  Applied  Research  Laboratories,  The  University  of  Texas  at 
Austin,  11  March  1980. 

L.  D.  Hampton,  S.  K.  Mitchell,  and  R.  R.  Gardner,  "Acoustic  Bottom  Loss 
Measurement  Using  Multipath  Resolution,"  EASCON  '78  Record,  IEEE 
Electronics  and  Aerospace  Systems  Conference,  Arlington,  Virginia, 
25-27  September  1978. 

L.  D.  Hampton,  S.  K.  Mitchell,  and  R.  R.  Gardner,  "Acoustic  Bottom  Loss 
Measurements  Using  Multipath  Resolution,"  presented  at  the  EASCON  '78, 
IEEE  Electronics  and  Aerospace  Systems  Conference,  Arlington,  Virginia, 
25-27  September  1978. 

L.  D.  Hampton  and  J.  A.  Shooter,  "Merchant  Ship  Acoustic  Data  from  Deep 
Moored  Receivers"  (U),  presented  at  the  33rd  Navy  Symposium  on 
Underwater  Acoustics,  Gaithersburg,  Maryland,  3-5  December  1979. 
(CONFIDENTIAL) 

K.  E.  Hawker,  "The  Influence  of  Surface  Waves  on  Plane  Wave  Bottom 
Reflection  Loss  for  Realistic  Ocean  Sediments,"  presented  at  the  92nd 
Meeting  of  the  Acoustical  Society  of  America,  San  Diego,  California, 
November  1976. 


32 


* 


K.  E.  Hawker,  "An  Introduction  to  the  Acoustic  Processes  of  Bottom 
Interaction  with  Application  to  Surveillance"  (1J),  Applied  Research 
Laboratories  Technical  Report  No.  77-20  (ARL-TR- 77-20) ,  Applied  Research 
Laboratories,  The  University  of  Texas  at  Austin,  April  1977. 
(CONFIDENTIAL) 

K.  E.  Hawker,  "Acoustic  Field  Generated  by  a  Moving  Source"  (U), 
presented  at  the  ARPA/ELEX  320  Undersea  Surveillance  Symposium,  Naval 
Postgraduate  School,  Monterey,  California,  6-8  June  1978. 
(CONFIDENTIAL) 

K.  E.  Hawker,  "The  Acoustic  Bottom  Interaction  Problem,"  presented  at 
the  ONR  Earth  Physics  Program  Workshop,  Washington,  DC,  6-7  July  1978. 

K.  E.  Hawker,  "The  Influence  of  Stoneley  Waves  on  Plane-Wave  Reflection 
Coefficients:  Character i sties  of  Bottom  Reflection  Loss,"  J.  Acoust. 
Soc.  Am.  64,  548-566  (1978). 

K.  E.  Hawker,  "Calculation  of  the  Acoustic  Field  Generated  by  a  Moving 
Source,"  presented  at  the  96th  Meeting  of  the  Acoustical  Society  of 
America,  Honolulu,  Hawaii,  26  November  -  1  December  1978. 

K.  E.  Hawker,  "Aspects  of  the  Acoustic  Bottom  Interaction  Problem," 
Applied  Research  Laboratories  Technical  Report  No.  78-49  (ARL-TR-78-49) , 
Applied  Research  Laboratories,  The  University  of  Texas  at  Austin, 
December  1978. 

K.  E.  Hawker,  "A  Normal  Mode  Theory  of  Acoustic  Doppler  Effects  in  the 
Oceanic  Waveguide,"  J.  Acoust.  Soc.  Am.  65,  675-681  (1979). 

K.  E.  Hawker,  "The  Existence  of  Stoneley  Waves  as  a  Loss  Mechanism  in 
Plane  Wave  Reflection  Problems,"  J.  Acoust.  Soc.  Am.  65,  682-686  (1979). 

K.  E.  Hawker,  "The  Role  of  Bottom  Interaction  in  Source  Motion-Induced 
Doppler  Broadening  Processes,"  presented  at  the  Seminar  on  Bottom 
Effects  in  Underwater  Sound  Propagation,  Miami,  Florida,  April  1979. 

K.  E.  Hawker,  "Status  of  Bottom  Interaction  Studies,"  presented  at  the 
ONR  Seismic  Propagation  Workshop,  Naval  Research  Laboratory,  Washington, 
D.C.,  April  1980. 

K.  E.  Hawker,  "Mode-Mode  Coupling  in  Regions  of  Range  Variable 
Bathymetry,"  presented  at  the  SACLANT  Conference  on  Ocean  Acoustics 
Influenced  by  the  Sea  Floor,  SACLANT  ASW  Research  Centre,  La  Spezia, 
Italy,  9-13  June  1980. 

K.  E.  Hawker,  A.  L.  Anderson,  K.  C.  Focke,  and  T.  L.  Foreman,  "Initial 
Phase  of  a  Study  of  Bottom  Interaction  of  Low  Frequency  Underwater 
Sound,"  Applied  Research  Laboratories  Technical  Report  No.  76-14 
(ARL-TR-76-14) ,  Applied  Research  Laboratories ,  The  University  of  Texas 
at  Austin,  April  1976. 


33 


K.  E.  Hawker,  K.  C.  Focke,  and  A.  L.  Anderson,  "A  Preliminary 
Sensitivity  Study  of  Underwater  Sound  Propagation  Loss  and  Bottom  Loss," 
Applied  Research  Laboratories  Technical  Report  No.  77-17  (ARL-TR-77-17) , 
Applied  Research  Laboratories,  The  University  of  Texas  at  Austin, 

February  1977. 

K.  E.  Hawker,  K.  C.  Focke,  S.  R.  Rutherford,  W.  E.  Williams,  T.  L. 

Foreman,  and  R.  Gonzalez,  "Results  of  a  Study  of  the  Bottom  Interaction 
of  Underwater  Sound,"  Applied  Research  Laboratories  Technical  Report 
No.  77-27  (ARL-TR-77-27) ,  Applied  Research  Laborator ies ,  The  University 
of  Texas  at  Austin,  October  1977. 

K.  E.  Hawker  and  T.  L.  Foreman,  "A  Plane  Wave  Reflection  Coefficient 

Model  Based  on  Numerical  Integration:  Formulation,  Implementation,  and 
Application,"  Applied  Research  Laboratories  Technical  Report  No.  76-23 
(ARL-TR-76-23) ,  Applied  Research  Laboratories,  The  University  of  Texas 
at  Austin,  June  1976. 

K.  E.  Hawker  and  T.  L.  Foreman,  "A  Plane  Wave  Reflection  Loss  Model 

Based  on  Numerical  Integration,"  J.  Acoust.  Soc.  Am.  64,  1470-1477 

(1978). 

K.  E.  Hawker,  T.  L.  Foreman,  and  K.  C.  Focke,  "A  Status  Report  on 
Propagation  and  Bottom  Loss  Models  in  Use  at  ARL:UT,"  Applied  Research 
Laboratories  Technical  Memorandum  No.  77-1  (ARL-TM-77-1) ,  Applied 

Research  Laboratories,  The  University  of  Texas  at  Austin,  January  1977. 

K.  E.  Hawker  and  S.  G.  Payne,  "Interpolation  of  Normal  Mode  Eigenvalues 
in  the  Frequency  Domain,"  presented  at  the  95th  Meeting  of  the 
Acoustical  Society  of  America,  Providence,  Rhode  Island,  16-19  May  1978. 

K.  E.  Hawker,  S.  G.  Payne,  and  C.  W.  Spofford,  "Errors  in  Tactical  Towed 
Array  TMA:  Preliminary  Recommendations  for  Proposed  SUBPAC 

Exercise"  (U),  September  1980.  (CONFIDENTIAL) 

K.  E.  Hawker,  S.  R.  Rutherford,  and  P.  J.  Vidmar,  "A  Summary  ot  the 

Results  of  a  Study  of  Acoustic  Interaction  with  the  Sea  Floor,"  Applied 
Research  Laboratories  Technical  Report  No.  79-2  (ARL-TR-79-2) ,  Applied 
Research  Laboratories,  The  University  of  Texas  at  Austin,  March  1979. 

K.  E.  Hawker  and  J.  A.  Shooter,  "The  Roles  of  Integration  Time  and 

Acoustic  Multipaths  in  Determining  the  Structure  of  cw  Line  Spectra," 
Proceedings  of  the  IEEE  International  Conference  on  Acoustics,  Speech 
and  Signal  Processing,  Washington,  D.C.,  April  1979  (ARL-TP-78-50, 

December  1978). 

K.  E.  Hawker  and  P.  J.  Vidmar,  "Review  of  Some  Recent  Results  in 

Acoustic  Bottom  Interaction,"  presented  at  the  U.S.  Navy  Surveillance 
Symposium,  Monterey,  California,  23-27  June  1980. 

K.  E.  Hawker,  W.  E.  Williams,  and  T.  L.  Foreman,  "A  Study  of  the 

Acoustical  Effects  of  Subbottom  Absorption  Profiles,"  J.  Acoust.  Soc. 
Am.  65,  360-367  (1979). 


34 


H.  H.  Holthusen  and  P.  J.  Vidmar,  "The  Effect  of  Near-Surface  Layering 
on  the  Reflectivity  of  the  Ocean  Bottom,"  J.  Acoust.  Soc.  Am.  _72, 
226-234  (1982). 

C.  W.  Horton,  Sr.,  "The  Influence  of  Biot’s  Second  Dilatational  Wave  on 
the  Reflection  Coefficient  of  Ocean  Sediments,"  presented  at  the  95th 
Meeting  of  the  Acoustical  Society  of  America,  Providence,  Rhode  Island, 
16-19  May  1978. 

A.  C.  Kibblewhite,  A.  L.  Anderson,  and  G.  E.  Ellis,  "Factors  Controlling 
the  Ambient  Noise  Field  Below  the  Deep  Sound  Channel"  (U),  JUA(USN)  2_7, 
551-568  (1977).  (CONFIDENTIAL) 

R.  A.  Koch,  "A  Summary  of  the  Results  of  a  Study  of  Acoustic  Bottom 
Interaction  in  a  Range  Dependent  Environment,"  Applied  Research 
Laboratories  Technical  Report  No.  82-30  (ARL-TR-82-30) ,  Applied  Research 
Laboratories,  The  University  of  Texas  at  Austin,  June  1982. 

R.  A.  Koch,  "A  Deterministic  Approach  to  Modeling  the  Effect  of 
Environmental  Fluctuations,"  presented  to  the  Ocean  Environmental 
Acoustics  Stochastic  Modeling  Working  Group,  conducted  by  Naval  Sea 
Systems  Command  at  the  Naval  Research  Laboratory,  Washington,  D.C., 
26-25  October  1982. 

R.  A.  Koch,  "A  Deterministic  Approach  to  Modeling  the  Effect  of 
Environmental  Fluctuations,"  accepted  for  publication  in  the  Proceedings 
of  the  Ocean  Environmental  Acoustics  Stochastic  Modeling  Working  Group, 
conducted  by  Naval  Sea  Systems  Command  at  Naval  Research  Laboratory, 
Washington,  D.C.,  26-29  October  1982. 

R.  A.  Koch,  "Underwater  Acoustic  Propagation  Dependence  on  Sediment  Type 
for  a  Sloping  Bottom,"  in  Acoustics  and  the  Sea-Bed,  edited  by 
N.  G.  Pace  (Bath  University  Press,  Bath,  UK,  1983). 

R.  A.  Koch,  "Underwater  Acoustic  Propagation  Dependence  on  Sediment  Type 
for  a  Sloping  Bottom,"  presented  at  the  April  1983  International 
Conference  on  Acoustics  and  the  Sea-Bed,  Bath,  England,  April  1983. 

R.  A.  Koch,  C.  Penland,  P.  J.  Vidmar,  K.  E.  Hawker,  "On  the  Calculation 
of  Normal  Mode  Group  Velocity  and  Attenuation,"  J.  Acoust.  Soc.  Am.  _73 , 
820-825  (1983). 

R.  A.  Koch,  S.  R.  Rutherford,  and  S.  G.  Payne,  "Slope  Propagation: 
Mechanisms  and  Parameter  Sensitivities,"  J.  Acoust.  Soc.  Am.  74, 
210-218  (1983). 

S.  K.  Mitchell  and  K.  C.  Focke,  "The  Role  of  the  Seabottom  Attenuation 
Profile  in  Shallow  Water  Acoustic  Propagation,"  J.  Acoust.  Soc.  Am.  73, 
465-473  (1983). 

S.  G.  Payne,  "A  User-Oriented  Model  Operating  System,"  Applied  Research 
Laboratories  Technical  Memorandum  No.  80-4  (ARL-TM-80-4) ,  Applied 
Research  Laboratories,  The  University  of  Texas  at  Austin,  January  1980. 


35 


S.  R.  Rutherford,  “Analytical  Techniques  for  Determining  Subbottom  Sound 
Velocity  Profiles,"  Applied  Research  Laboratories  Technical  Report 
No.  76-58  (ARL-TR-76-58) ,  Applied  Research  Laboratories,  The  University 
of  Texas  at  Austin,  December  1976. 

S.  R.  Rutherford,  "Application  of  Coupled  Mode  Theory  to  Underwater 
Sound  Propagation,"  Seminar,  Electrical  Engineering  Department,  The 
University  of  Texas  at  Austin,  24  April  1979. 

S.  R.  Rutherford,  "An  Examination  of  Multipath  Processes  in  a  Range 
Dependent  Environment  within  the  Context  of  Adiabatic  Mode  Theory," 
presented  at  the  97th  Meeting  of  the  Acoustical  Society  of  America, 
Cambridge,  Massachusetts,  June  1979. 

S.  R.  Rutherford,  "An  Examination  of  Multipath  Processes  in  a  Range 
Dependent  Ocean  Environment  within  the  Context  of  Adiabatic  Mode 
Theory,"  J.  Acoust.  Soc.  Am.  66,  1432-1436  (1979). 

S.  R.  Rutherford,  "An  Examination  of  Coupled  Mode  Theory  as  Applied  to 
Underwater  Sound  Propagation,"  Ph.D.  Dissertation,  The  University  of 
Texas  at  Austin,  August  1979.  Also  Applied  Research  Laboratories 
Technical  Report  No.  79-44  (ARL-TR-79-44) ,  Applied  Research 
Laboratories,  The  University  of  Texas  at  Austin,  July  1979. 

S.  R.  Rutherford  and  K.  E.  Hawker,  "Effects  of  Density  Gradients  on 
Bottom  Reflection  Loss  for  a  Class  of  Marine  Sediments,"  J.  Acoust.  Soc. 
Am.  63,  750-757  (1978). 

S.  R.  Rutherford  and  K.  E.  Hawker,  "An  Examination  of  the  Coupling 
Coefficients  of  a  Coupleci  Mode  Theory,"  presented  at  the  Fall  1978 
Meeting  of  the  American  Geophysical  Union,  San  Francisco,  California, 
4-8  December  1978. 

S.  R.  Rutherford  and  K.  E.  Hawker,  "An  Examination  of  the  Influence  of 
the  Range  Dependence  of  the  Ocean  Bottom  on  the  Adiabatic 
Approximation,"  J.  Acoust.  Soc.  Am.  66,  1145-1151  (1979). 

S.  R.  Rutherford  and  K.  E.  Hawker,  “A  Consistent  Coupled  Mode  Theory  of 
Sound  Propagation  for  a  Class  of  Nonseparable  Problems,"  J.  Acoust.  Soc. 
Am.  70,  554-564  (1981). 

S.  R.  Rutherford  and  K.  E.  Hawker,  "The  Effects  of  Boundary  Condition 
Approximations  on  Coupled  Mode  Theory,"  presented  at  the  98th  Meeting  of 
the  Acoustical  Society  of  America,  Salt  Lake  City,  Utah,  26-30  November 
1979. 

S.  R.  Rutherford,  K.  E.  Hawker,  and  S.  G.  Payne,  "A  Study  of  the  Effects 
of  Ocean  Bottom  Roughness  on  Low  Frequency  Sound  Propagation,"  presented 
at  the  95th  Meeting  of  the  Acoustical  Society  of  America,  Providence, 
Rhode  Island,  16-19  May  1978. 


36 


1 


S.  R.  Rutherford,  K.  E.  Hawker,  and  S.  G.  Payne,  "A  Study  of  the  Effects 
of  Ocean  Bottom  Roughness  on  Low  Frequency  Sound  Propagation," 
J.  Acoust.  Soc.  Am.  65,  381-386  (1979). 

S.  R.  Rutherford,  S.  G.  Payne,  and  R.  A.  Koch,  "A  Summary  of  the  Results 
of  a  Study  of  Acoustic  Bottom  Interaction  in  a  Range  Dependent 
Environment,"  Applied  Research  Laboratories  Technical  Report  No.  80-56 
(ARL-TR-80-56) ,  Applied  Research  Laboratories,  The  University  of  Texas 
at  Austin,  November  1980. 

C.  T.  Tindle,  "Frequency  Dependence  and  Detection  of  Individual  Normal 
Modes  in  Shallow  Water,"  presented  at  the  95th  Meeting  of  the  Acoustical 
Society  of  America,  Providence,  Rhode  Island,  16-19  May  1978. 

C.  T.  Tindle,  "Reflection  from  a  Structured  Ocean  Bottom,"  presented  at 
the  Underwater  Acoustics  Session  of  the  AN2AAS  '79  Conference,  Auckland, 
New  Zealand,  January  1979. 

C.  T.  Tindle,  "Virtual  Modes  and  Mode  Amplitudes  near  Cutoff," 
J.  Acoust.  Soc.  Am.  65,  1423-1428  (1979). 

C.  T.  Tindle,  "The  Equivalence  of  Bottom  Loss  and  Mode  Attenuation  per 
Cycle  in  Underwater  Acoustics,"  J.  Acoust.  Soc.  Am.  66,  250-255  (1979). 

C.  T.  Tindle  and  D.  E.  Weston,  "Connection  of  Acoustic  Beam 
Displacement,  Cycle  Distances,  and  Attenuation  for  Rays  and  Normal 
Modes,"  J.  Acoust.  Soc.  Am.  67,  1614-1622  (1980). 

C.  T.  Tindle,  D.  E.  Weston,  and  S.  G.  Payne,  "Cycle  Distances  and 
Attenuation  in  Shallow  Water,"  J.  Acoust.  Soc.  Am.  68,  1489-1492  (1980). 

P.  J.  Vidmar,  "The  Effect  of  Sediment  Rigidity  on  Bottom  Reflection 
Loss,"  Applied  Research  Laboratories  Technical  Report  No.  79-49 
(ARL-TR-79-49) ,  Applied  Research  Laboratories,  The  University  of  Texas 
at  Austin,  September  1979. 

P.  J.  Vidmar,  "The  Effect  of  Sediment  Rigidity  on  Bottom  Reflection 
Loss,"  presented  at  the  Workshop  on  Interpretative  Modeling  of  Deep- 
Ocean  Sediments  and  their  Physical  Properties,  NORDA,  Bay  St.  Louis, 
Mississippi,  September  1979. 

P.  J.  Vidmar,  "The  Effect  of  Sediment  Rigidity  on  Bottom  Reflection 
Loss,"  presented  at  the  98th  Meeting  of  the  Acoustical  Society  of 
America,  Salt  Lake  City,  Utah,  26-30  November  1979. 

P.  J.  Vidmar,  "The  Effect  of  Sediment  Rigidity  on  Bottom  Reflection  Loss 
in  a  Typical  Deep  Sea  Sediment,"  J.  Acoust.  Soc.  Am.  68,  634-638  (1980). 


P.  J.  Vidmar,  "A  Ray  Path  Analysis  of  Sediment  Shear  Wave  Effects  on 
Bottom  Reflection  Loss,"  J.  Acoust.  Soc.  Am.  68,  639-648  (1980). 


P.  J.  Vidmar,  "A  Ray  Path  Analysis  of  Sediment  Shear  Wave  Effects  on 
Bottom  Reflection  Loss,"  presented  at  the  99th  Meeting  of  the  Acoustical 
Society  of  America,  April  1980. 

P.  J.  Vidmar,  "The  Dependence  of  Bottom  Reflection  Loss  on  the 
Geoacoustic  Parameters  of  Deep  Sea  (Solid)  Sediments,"  J.  Acoust.  Soc . 
Am.  68,  1442-1453  (1980). 

P.  J.  Vidmar,  "Shear  Waves  and  the  Bottom  Interaction  Problem," 
presented  at  the  SEG/USN  Shear  Waves  arid  Pattern  Recognition  Symposium, 
NSTL/Bay  St.  Louis,  Mississippi,  March  1982. 

P.  J.  Vidmar,  "Gradient  Driven  Coupling  between  Shear  and  Compress iona 1 
Waves,"  presented  at  the  103rd  Meeting  of  the  Acoustical  Society  of 
America,  Chicago,  Illinois,  April  1932. 

P.  J.  Vidmar,  "Linked  Sets  of  Acoustical  Processes  and  Geoacoustic 
Profiles  Describing  the  Interaction  of  Sound  with  a  Class  of  Seafloor- 
Structures, "  in  Acoustics  and  the  Sea-Bed,  edited  by  N.  G.  Pace  (Bath 
University  Press,  Bath,  UK,  1983). 

P.  J.  Vidmar,  "Linked  Sets  of  Acoustical  Processes  and  Geoacoustic 
Profiles  Describing  the  Interaction  of  Sound  with  a  Class  of  Seafloor 
Structures,"  presented  at  the  April  1983  International  Conference  on 
Acoustics  and  the  Sea-Bed,  Bath,  England,  April  1983. 

P.  J.  Vidmar  and  T.  L.  Foreman,  "The  Effect  of  Sediment  Rigidity  on  the 
Acoustic  Reflectivity  of  the  Ocean  Bottom,"  presented  at  the  Fall  197S 
Meeting  of  the  American  Geophysical  Union,  San  Francisco,  California, 
4-8  December  1978. 

P.  J.  Vidmar  and  T.  L.  Foreman,  "A  Plane  Wave  Reflection  Loss  Model 
including  Sediment  Rigidity,"  presented  at  the  97th  Meeting  of  the 
Acoustical  Society  of  America,  Cambridge,  Massachusetts,  June  1979. 

P.  J.  •  Imar  and  T.  L.  Foreman,  "A  Plane  Wave  Reflection  Loss  Model 
include  j  Sediment  Rigidity,"  J.  Acoust.  Soc.  Am.  66,  1830-1835  (1971). 

P.  J.  Vidmar  and  R.  A.  Koch,  "A  Summary  of  Recent  Research  on  Acoustic 
Bottom  Interaction,"  Applied  Research  Laboratories  Technical  Report 
No.  82-14  (ARL-TR-82-14) ,  Applied  Research  Laboratories,  The  University 
of  Texas  at  Austin,  March  1982. 

P.  J.  Vidmar,  R.  A.  Koch,  and  K.  E.  ^a-'ker,  "ARL:UT  Bottom  Interaction 
Studies,"  Applied  Research  Laboratoi  Technical  Letter  No.  80-12 
(TL-EV-80-12) ,  Applied  Research  Laborato. it  ,  The  University  of  Texas  at 
Austin,  September  1980. 

P.  J.  Vidmar,  R.  A.  Koch,  J.  B.  Lindberg,  0.  W.  Oakley,  "A  Synopsis  of 
Recent  Results  of  Research  on  Acoustic  Bottom  Interaction,"  in 
preparation . 


38 


A 


P.  J.  Vidmar,  S.  R.  Rutherford,  and  K.  E.  Hawker,  "A  Summary  of  Some 
Recent  Results  in  Acoustic  Bottom  Interaction,"  Applied  Research 
Laboratories  Technical  Report  No.  30-6  (ARL-TR-SO-6) ,  Applied  Research 
Laborator ies ,  The  University  of  Texas  at  Austin,  February  1980. 

D.  E.  Weston,  "Shallow  Water  Sound  Propagation,"  presented  at  EASCON 
'78,  IEEE  Electronics  and  Aerospace  Systems  Conference,  Arlington, 
Virginia,  25-27  September  1978. 

D.  E.  Weston,  "Shallow  Water  Sound  Propagation,"  Proceedings  of  the 
EASCON  '78  Record,  IEEE  Electronics  and  Aerospace  Systems  Conference, 
Arlington,  Virginia,  25-27  September  1978. 

D.  E.  Weston,  "Nature  of  the  Caustics  in  Range-Averaged  Ocean  Sound 
Channels,"  presented  at  the  96th  Meeting  of  the  Acoustical  iaciety  of 
America,  Honolulu,  Hawaii,  26  November  -  1  December  1978. 

D.  E.  Weston,  "Thermoviscous  Regions  for  the  Principal  and  Higher  Sound 
Propagation  Modes  in  Tubes,"  J.  Acoust.  Soc.  Am.  68,  359-361  (1930). 

D.  E.  Weston,  "Deep  Ambient  Noise  Field  and  Volume  Scattering"  ('J), 
JUA(USN)  29,  449-452  (1979).  (CONFIDENTIAL) 

D.  E.  Weston,  "Ambient  Noise  Depth-Dependence  Models  and  Their  Relation 
to  Low  Frequency  Attenuation,"  J.  Acoust.  Soc.  Am.  67,  530-537  (1980). 

D.  E.  Weston,  "Acoustic  Flux  Methods  for  Oceanic  Guided  Waves," 
J.  Acoust.  Soc.  Am.  68,  287-296  (1980). 

D.  E.  Weston,  "Wave-Theory  Peaks  in  Range-Averaged  Channels  of  Uniform 
Sound  Velocity,"  J.  Acoust.  Soc.  Am.  68,  282-286  (1980). 

D.  E.  Weston,  "Acoustic  Flux  Formulae  for  Range-Dependent  Ocean  Ducts," 
J.  Acoust.  Soc.  Am.  68,  269-281  (1980). 

D.  E.  Weston  and  K.  C.  Focke,  "Caustics  in  Range-Averaged  Ocean  Sound 
Channels,"  submitted  for  publication  in  The  Journal  of  the  Acoustical 
Society  of  America. 

D.  E.  Weston  and  C.  T.  Tindle,  "Reflection  Loss  and  Mode  Attenuation  in 
a  Pekeris  Model,"  J.  Acoust.  Soc.  Am.  66,  872-879  (1979). 

A.  0.  Williams,  Jr.,  "Use  of  Plane-Wave  Expansions  in  Acoustic 
Propagation  -  Two  Examples,"  Applied  Research  Laboratories  Technical 
Memorandum  No.  75-14  (ARl-TM-75-14)  ,  Applied  Research  Laboratories,  The 
University  of  Texas  at  Austin,  May  1975. 

A.  0.  Williams,  Jr.,  "Acoustic  Reflection  from  a  Structured  Sea  Bottom," 
presented  at  the  90th  Meeting  of  the  Acoustical  Society  of  America,  San 
Francisco,  California,  November  1975. 


A.  0.  Williams,  Jr.,  "Comments  on  '  Propaqat  ion  of  Normal  Mode  in  tne 
Parabolic  Approximation1  (Suzanne  T.  McDaniel,  .1.  Acoust.  Soc .  Am.  S  7 , 
307-311  (  1975)),"  J.  Acoust.  Soc.  Am.  So,  1 l/U- ] 32 1  (19/5). 

A.  0.  Williams,  Jr.,  "Acoustic  Ref  !*„•  lion  *  r  j  Structured  Sea  Bottom," 
J.  Acoust.  Soc.  Am.  59,  26-63  (1976)/ 

A.  0.  Williams,  Jr.,  "Hidden  t  h-  :  ,  ept  iu  le  Ignorance  about  ice  an 

Bottoms,"  J.  Acoust.  Soc.  Am.  59,  11, ’5- 11/9  1976,-. 

A.  0.  Williams,  Jr.,  "Discrete,  Continuous,  and  Virtual  Modes  in 
Underwater  Sound  Propagation,"  Applied  Research  Laboratories  Technical 
Report  No.  76-40  (ARL-TR- 76-40 ’ ,  Aoolied  Research  Laboratories,  The 
University  of  Texas  at  Austin,  August  197b. 

A.  0.  Williams,  Jr.,  "Pseudoresonances  and  Virtual  Modes  in  Underwater- 
Sound  Propagation,"  J.  Acoust.  Soc.  Am.  64,  1487-1491  (1978). 

A.  0.  Williams,  Jr.,  "Mode  Interactions  in  an  Isovelocity  Ocean  of 

Uniformly  Varying  Depth,"  J.  Acoust.  Soc.  Am.  67,  177-185  (1930). 

A.  0.  Williams,  Jr.,  "Norma  1 -Mode  Propagation  in  Deep-Ocean  Sediment 

Channels,"  presented  at  the  100th  Meeting  of  the  Acoustical  Society  of 
America,  November  1980. 

A.  0.  Williams,  Jr.,  "Mode  Interaction  in  an  Ocean  with  Sound  Speed  a 

Linear  Function  of  Range,"  J.  Acoust.  Soc.  Am.  69,  443-448  (1981). 

A.  0.  Williams,  Jr.,  "Normal-Mode  Propagation  in  Deep-Ocean  Sediment 

Channels,"  J.  Acoust.  Soc.  Am.  70,  820-324  (1981). 

A.  0.  Williams,  Jr.,  and  D.  R.  MacAyeal,  "Acoustic  Reflection  from  a  Sea 
Bottom  with  Linearly  Increasing  Sound  Speed,"  presented  at  the  92nd 
Meeting  of  the  Acoustical  Society  of  America,  San  Diego,  California, 
November  1976. 

A.  0.  Williams,  Jr.,  and  D.  R.  MacAyeal,  "Acoustic  Reflection  from  a  Sea 
Bottom  with  Linearly  Increasing  Sound  Speed,"  J.  Acoust.  Soc.  Am.  66, 
1836-1841  (1979).  ~~ 

W.  E.  Williams  and  K.  E.  Hawker,  "Effects  of  Variation  of  Attenuation 
with  Depth  in  the  Sediment  on  the  Bottom  Reflection  Coefficient," 
presented  at  the  95th  Meeting  of  the  Acoustical  Society  of  America, 
Providence,  Rhode  Island,  16-19  May  1978. 


40 


REFERENCES 


1.  k.  E.  Hawker  and  T.  L.  Foreman,  "A  Plane  Wave  Reflection  Loss  Model 
Based  on  Numerical  Integration,"  J.  Acoust.  Soc.  Am.  64,  1470-1477 
i 1978) . 

2.  S.  R.  Rutherforc  and  K.  E.  Hawker,  "The  Effects  of  Density 

Gradients  on  Bottom  Reflection  Loss  for  a  Class  of  Marine 

Sediments,"  J.  Acoust.  Soc.  Am.  63,  750-757  (1978). 

3.  K.  E.  Hawker,  K.  C.  Focke,  and  A.  L.  Anderson,  "A  Sensitivity  Study 
of  Underwater  Sound  Propagation  Loss  and  Bottom  Loss,"  Applied 
Research  Laboratories  Technical  Report  No.  77-17  ( ARL-TR- 77-17) , 
Applied  Research  Laboratories,  The  University  of  Texas  at  Austin, 
February  1977. 

4.  K.  E.  Hawker,  W.  E.  Williams,  and  T.  L.  Foreman,  "A  Study  of  the 

Acoustical  Effects  of  Subbottom  Absorption  Profiles,"  J.  Acoust. 

Soc.  Am.  65,  360-367  (1979). 

5.  K .  £ .  Hawker,  "The  Influence  of  Stoneley  Waves  on  Plane  Wave 

Reflection  Coefficients:  Character istics  of  Bottom  Reflection 

Loss,"  J.  Acoust.  Soc.  Am.  64,  548-555  (1978). 

6.  K.  E.  Hawker,  "Existence  of  Stoneley  Waves  as  a  Loss  Mechanism  in 

Plane  Wave  Reflection  Problems,"  J.  Acoust.  Soc.  Am.  65,  682-686 
(1979). 

7.  P.  J.  Vidmar  and  T.  L.  Foreman,  "A  Plane-Wave  Reflection  Loss  Model 

Including  Sediment  Rigidity,"  J.  Acoust.  Soc.  Am.  66,  1830-1835 

(1979). 

3.  P.  J.  Vidmar,  "The  Effect  of  Sediment  Rigidity  on  Bottom  Reflection 
Loss  in  a  Typical  Deep  Sea  Sediment,"  J.  Acoust.  Soc.  Am.  68, 
634-638  (1980). 

9.  P.  J.  Vidmar,  "A  Ray  Path  Analysis  of  Sediment  Shear  Wave  Effects 

on  Bottom  Reflection  Loss,"  J.  Acoust.  Soc.  Am.  68,  639-648  (1980). 

10.  P.  J.  Vidmar,  "The  Dependence  of  Bottom  Reflection  Loss  on  the 

Geoacoustic  Parameters  of  Deep  Sea  (Solid)  Sediments,"  J.  Acoust. 
Soc.  Am.  68,  1442-1453  M980). 

11.  P.  J.  Vidmar,  "Linked  Sets  of  Acoustical  Processes  and  Geoacoustic 
Profiles  Describing  the  Interaction  of  Sound  with  a  Class  of 


41 


Seafloor  Structures,"  in  Ac  oust  ics  and  _the_  Sea-_Bed,  edited  by 
N.  G.  Pace  (Bath  University  Press,  Bath,  n-  ,  19H3T. 

12.  J.  M.  Oaniels  and  P.  J.  Vidmar,  "Oc; urrence  and  Acoustical 

Significance  of  Natural  Gas  Hydrates  in  Marine  Sediments," 
J.  Acoust .  Soc.  Am.  72,  1564-1573  (1932). 

13.  H.  H.  Holthusen  and  P.  J.  Vi  dinar,  "The  Effect  of  Near-Surface 

Layering  on  the  Reflectivity  of  the  ocean  Bottom,"  J.  Acoust.  Soc. 
Am.  72,  226-234  (1982). 

14.  D.  P.  Knobles  and  P.  J.  Vidmar,  "Status  of  Bottom  Loss  Upgrade  in 

Areas  Having  Thin  Sediment  Cover,"  Applied  Research  Laboratories 
Technical  Report  No.  83-23  ( ARL -TR-S3-28) ,  Applied  Research 

Laboratories,  The  University  of  Texas  at  Austin,  in  preparation. 

15.  D.  P.  Knobles  and  P.  J.  Vidmar,  "Generation  and  Analysis  of  Bottom 

Loss  Upgrade  Geoacoustic  Parameters  for  Specific  Locations  in  the 
Northeast  Pacific,"  Applied  Research  Laboratories  Technical  Report 
No.  82-17  ( ARL-TR-82- 17 ) ,  Applied  Research  Laboratories,  The 

University  of  Texas  at  Austin,  August  1982. 

16.  S.  R.  Rutherford,  K.  E.  Hawker,  and  S.  G.  Payne,  "A  Study  of  the 

Effects  of  Ocean  Bottom  Roughness  of  Low-Frequency  Sound 
Propagation,"  J.  Acoust.  Soc.  Am.  65,  381-386  (1979). 

17.  C.  Bennett  and  J.  M.  Daniels,  A  Guide  to  Oceanic  Sedimentary 
Layering,"  Applied  Research  Labe  atories  Technical  Report  No.  83-25 
( ARL -TR-B3-25) ,  Applied  Researc  h  Laboratories,  The  University  of 
Texas  at  Austin,  in  preparation. 

18.  F.  B.  Jensen  and  W.  A.  Kuperman,  "Optimum  Frequency  of  Propagation 

in  Shallow  Water  Environments,"  J.  Acoust.  Soc.  Am.  73,  313-819 
(1983). 

19.  S.  K.  Mitchell  and  K.  C.  Focke,  "The  Role  of  the  Seabottom 
Attenuation  Profile  in  Shallow  Water  Acoustic  Propagation, " 
J.  Acoust.  Soc.  Am.  73,  465-473  (1983). 

20.  P.  J.  Vidmar,  "Gradient  Driven  Coupling  between  Shear  and 
Compressiona  1  Wave:,"  presented  at  the  103rd  Meeting  of  the 
Acoustical  Society  of  America,  Chicaqo,  Illinois,  27-30  April  1982. 

21.  E.  L.  Hamilton,  "Geoacoustic  Modeling  of  th-»  Sea  Floor,"  J.  Acoust. 
Soc.  Am.  68,  1313-1340  (1980). 

22.  C.  W.  Spofford,  R.  R.  Greene,  and  J.  B.  Hersey,  "The  Estimation  of 
Geoacoustic  Ocean  Sediment  Parameters  from  Measured  Bottom  Loss 
Data,"  Science  Applications,  Inc.,  McLean,  Virginia. 

23.  S.  R.  Rutherford  and  K.  E.  Hawker,  "A  Consistent  Coupled  Mode 
Theory  of  Sound  Propagation  for  a  Class  of  Non-Separable  Problems," 
J.  Acoust.  Soc.  Am.  70,  554-564  (1981). 


42 


24.  S.  R.  Rutherford  and  K.  £.  Hawker,  "An  Examination  of  the  Range 
Dependence  of  the  Ocean  Bottom  on  the  Adiabatic  Approximation," 
J.  Acoust.  Soc.  Am.  66,  1145-1151  (1979). 

25.  S.  R.  Rutherford,  "An  Examination  of  Coupled  Mode  Theory  as  Applied 

to  Underwater  Sound  Propagation,"  Ph.D.  dissertation.  The 
University  of  Texas  at  Austin,  August  1979.  Also,  Applied  Research 
Laboratories  Technical  Report  No.  79-44  (ARl-TR-79-44) ,  Applied 

Research  Laboratories,  The  University  of  Texas  at  Austin,  July 
1979. 

26.  S.  R.  Rutherford,  "An  Examination  of  Multipath  Processes  in  a  Range 
Dependent  Ocean  Environment  within  the  Context  of  Adiabatic  Mode 
Theory,"  J.  Acoust.  Soc.  Am.  66,  1482-1486  (1979). 

27.  R.  A.  Koch,  "A  Summary  of  the  Results  of  a  Study  of  Acoustic  Bottom 

Interaction  in  a  Range  Dependent  Environment,"  Applied  Research 
Laboratories  Technical  Report  No.  82-30  (ARL-TR-82-30) ,  Applied 

Research  Laboratories,  The  University  of  Texas  at  Austin,  June 
1982. 

28.  R.  A.  Koch,  S.  R.  Rutherford,  and  S.  G.  Payne,  "Slope  Propagation: 
Mechanisms  and  Parameter  Sensiti vites ,"  J.  Acoust.  Soc.  Am.  74, 
210-218  (1983). 

29.  R.  A.  Koch,  "Underwater  Acoustic  Propagation  Dependence  on  Sediment 
Type  for  a  Sloping  Bottom,"  in  Acoustics  and  the  Sea-Bed,  edited  by 
N.  G.  Pace  (Bath  University  Press,  Bath,  UK,  1983) 


23  September  1983 


DISTRIBUTION  LIST  FOR 
ARL-TR-83-26 

ANNUAL  REPORT  UNDER  CONTRACT  N00014-78-C-0113 


Copy  No. 


1 

2 

3 

4 

5 

6 


7 

8 


9 

10 

11 


13 


14 


Commanding  Officer 

Naval  Ocean  Research  and  Development  Activity 

NSTL  Station,  MS  39529 

Attn:  E.  D.  Chaika  (Code  530) 

W.  A.  Kuperman  (Code  320) 

CDR  M.  McCal lister  (Code  522) 

R.  Martin  (Code  110A) 

J.  Matthews  (Code  362) 

W,  W.  Worsley  (Code  110A) 

Commanding  Officer 

Office  of  Naval  Research  Detachment 

Department  of  the  Navy 

NSTL  Station,  MS  39529 

Attn:  G.  B.  Morris 

LCDR  M.  McDonald 

Commanding  Officer 

Naval  Electronic  Systems  Command 

Department  of  the  Navy 

Washington,  DC  20360 

Attn:  LCDR  S.  Hollis  (Code  612) 

R.  Mitnick  (Code  612) 

CDR  C.  Spikes  (PME  124-60) 

Commanding  Officer 
Naval  Ocean  Systems  Center 
Department  of  the  Navy 
San  Diego,  CA  92152 
Attn:  E.  L.  Hamilton 
H.  P.  Bucker 

Commanding  Officer 

New  London  Laboratory 

Naval  Underwater  Systems  Center 

Department  of  the  Navy 

New  London,  CT  06320 

Attn:  B.  Cole 


45 


FrtECEDlWG  PaGS  flUNK-N OT 


Distribution  List  for  ARL-TR-83-26  under  Contract  N-0014-78-C-0113 
(Cont'd) 


Copy  No. 


15 


16 


17 

18 


19 


20 

21 

22  -  33 


34 

35 

36 

37 

38 


Chief  of  Naval  Operations 
Department  of  the  Navy 
Washington,  DC  20360 
Attn:  CAPT  E.  Young  (OP  952D) 

Chief  of  Naval  Material 
Department  of  the  Navy 
Washington,  DC  20360 
Attn:  CAPT  J.  Harlette  (MAT  0724) 

Naval  Research  Laboratory 
Department  of  the  Navy 
Washington,  DC  20375 
Attn:  W.  8.  Moseley  (Code  5120) 

B.  Adams  (Code  8160) 

Commander 

Naval  Sea  Systems  Command 
Department  of  the  Navy 
Washington,  DC  20362 
Attn;  R.  W.  Farwell  (Code  63RA) 

Commanding  Officer 
Naval  Oceanographic  Office 
NSTL  Station,  MS  39522 
Attn;  W,  Jobst  (Code  3400) 

J.  Allen  (Code  7310) 

Commanding  Officer  and  Director 
Defense  Technical  Information  Center 
Cameron  Station,  Building  5 
5010  Duke  Street 
Alexandria,  VA  22314 

Science  Applications,  Inc. 

1710  Goodridge  Drive 
McLean,  VA  22101 
Attn:  C.  Spofford 

Nancy  R.  Bedford,  ARL:UT 

Glen  E.  Ellis,  ARL:UT 

Loyd  Hampton,  ARL:UT 

Kenneth  E.  Hawker,  ARL:UT 


46 


Distribution  List  for  ARL-TR-83-26  under  Contract  N-0014- 78-C-0113 
(Cont 'd) 


Copy  No. 

39 

Robert  A.  Koch,  ARL : UT 

40 

Jo  B.  Lindberg,  ARL:UT 

41 

Stephen  K.  Mitchell,  ARL : l 

42 

David  W.  Oakley,  ARL:UT 

43 

Susan  G.  Payne,  ARL:UT 

44 

Clark  S.  Penrod,  ARL:UT 

45 

Paul  J.  Vidmar,  ARL:UT 

46 

Reuben  H.  Wallace,  ARL:UT 

47 

Library,  ARL:UT 

48  -  59 

Reserve,  ARL:UT 

47 


